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damage production. 
reported results from the RBI and RE2 rmterials irradiations in HFIR; the damage rates have 
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1 .71  dpa i n  ORR-MFE-7J. 
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The specimens contained i n  t he  ORR-MFE-4B ezperiment have operated f o r  a t o t a l  of 
removal and pos t i r rad ia t i on  examination. 

996.64 d a t  30 Mw reac tor  power w i th  temperatures of 500 and 600OC. 
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peratures  of 420 ,  500 and 600OC t o  exposures ranging f rom 9-14 d p .  
behavior of Fei'r-Ni a l l o y s  i r rad ia t ed  under comparable condi t ions  t he re  i s  e s s e n t i a l l y  no 
dependence uf void swel l ing  on chromium or rmnganese con t en t ,  and there- also  appears t o  be 
no dependence on i r r a d i a t i o n  temperature. Like Fe-Cr-Ni a l l o y s ,  however, Fe-Cr-Mn and 
Fe-Mn a l l o y s  do swell  a t  -l%/dpa a f t e r  t h e  t r a n s i e n t  regime. 

l e v e l ,  microscopy shows t h a t  mdia t ion- induced  second phases t h a t  form m y  be respons ib le  
f o r  a d e n s i f i c a t i o n  of t he  rm t r i z .  

Phase S t a b i l i t y  Dur ing  Anneal ing and Aging i n  Low- Ac t i va t ion  Fe-Cr-Mn A u s t e n i t i c  
S t a i n l e s s  S t e e l s  (Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . .  54 

I n  contras t  t o  t h e  

While d e n s i t y  change data i n d i c a t e  an apparent weak dependence of swel l ing  on mnganese 

Th i s  d e n s i f i c a t i o n  approaches 2.2% a t  35% mnganese.  

3.2 

The f i r s t  group of laboratory heats  of low-act iva t ion ,  mnganese-s tabi l i zed  a u s t e n i t i c  
s t e e l s  were aged f o r  168 h a t  80O0C, fo l lowing  so lu t i on  annealing and co ld  working, t o  
explore  t h e i r  r e l a t i v e  p r e c i p i t a t i o n  responses.  
m n y  a l l o y s  a f t e r  so lu t i on  annealing,  was absent i n  t h e  cold-worked m t e r i a l s  a f t e r  aging. 
These aged a l l o y s  recovered and/or r e c r y s t a l l i z e d ,  and t h e  mtrix became completely aus t en i-  
t i c ,  wi th  varying amounts of 0 phase and M23C6 (T) p r e c i p i t a t e s .  
a l l o y  had f i n e l y  d i s t r i b u t e d  T carbide p a r t i c l e s  without  any evidence of o phase. 
0 and T phases contained subs tan t ia l  amounts of rmnganese, whereas i n  n i cke l- s tab i l i z ed  
s t e e l s ,  t he se  phases would r e j e c t  n i c k e l .  

(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 

Delta (6 )  f e r r i t e ,  which ms present  i n  

Only t h e  15Cr-19Mn-0.4C 
Both t he  

3.3 M i c r o s t r u c t u r e  of Type 316 S tee l  I r r a d i a t e d  t o  30 dpa a t  300°C i n  H F I R  

Solution-annealed (SAJ and ZO%-cold-worked (20% C W )  t y p e  316 s t a i n l e s s  s t e e l s  were 
i r rad ia t ed  a t  300OC in HFIH t o  33.0 dpa and 2116 a t .  ppm He. 
d iameter)  bubbles were observed uniformly i n  t h e  rmtrix; t h e  bubble concentrat ion was 
-3 x 1023 bubbles/m3 w i th  average diameters of about 2.0 nm i n  both specimens. 
volume swel l ings  were about 0.3%. 
were a l s o  observed i n  both mz t e r ia l s .  
10.3 nm and 1.4 x 1022 l o o p s / d .  r e s p e c t i v e l y .  
pared t o  prev ious  data on c a v i t i e s .  

Many f i n e  1 1 . H . 5  nm i n  

Both bubble 
Dense t ang l e s  of d i s l o c a t i o n  networks and Frank loops 

S i z e  and concentrat ion of Frank loops were about 
The r e s u l t s  of t h e  present  work were com- 
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Microstructural observations on JPCA specimens in the solution annealed (SAJ and IO and 
20%-cold-worked (CWI conditions indicated that all specimens developed high concentrations 
of small helium bubbles. 
radiation-induced MC precipitates in the mtrix. 
in the next report. 

The Development o f  A u s t e n i t i c  S t a i n l e s s  S t e e l s  f o r  Fast Induced- Rad ioac t i v i t y  Decay 
(Oak Ridge Nat iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

In addition, 20%CW J P C A  developed a high concentration of 
The comparison with U.S. PCA Will be given 

3 . 5  

Based on the microstructural observations on ten heats of Fe-Mn-Cr-C steels, five m r e  
small laboratory heats were obtained. 
transmission-electron microscopy studies and mgnetic measurements were used to assess the 
microstructural constituents present. 

After mrious heat treatments, optical and 
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The yield stress, total elongation, and hardness for V-lSCr-5Ti alloys with a range of 
0, N, and C concentration and annealing treatment are presented in this report. 
mental results suggest that these mechanical properties are not determined solely by the 0, 
N, and C concentration. 

The experi- 

5.2 The E f f e c t  o f  Cold Work on t h e  D u c t i l i t y  o f  V-15Cr-5Ti Implanted With Hel ium 
(Oak Ridge Nat.iona1 Caboratory)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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5.3 P r e p a r a t i o n  and F a b r i c a t i o n  o f  Vanadium Base A l l o y s  (Argonne Nat iona l  Labora to ry )  . . . . .  
Planning and procurement activities have been initiated to replenish the inventory of 

vanadium ternary alloy for Path C Scoping Studies. 
chromium and titanim have been acquired and a fabrication approach adopted where emphasis 
has been placed on the control of the interstitial elements 0, N, H, and C to a minimum 
level. 

Appropriate quantities of pure uanadium, 

Delivery of this alloy will begin late February FY 1986. 
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7. F E R R I T I C  STEELS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7.1 The Ef fec ts  of Increased H e l i u m  Generat ion on M i c r o s t r u c t u r e  and S w e l l i n y  o f  Nickel-Doped 
9Cr-1MoVNb and 12Cr-1MoVW S t e e l s  I r r a d i a t e d  i n  H F I R  a t  300 t o  600°C 
(Oak Ridge Nat iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Voids formed in undoped and Ni-doped 12Cr-IMoW at 400 and 500°C in HFIR at 36 to 
39 dpa, but not at 300 or 6OOOC; results were similar for SCr-lMoVNb steels. Increased 
helium caused more void formtion in the Kr-IMoVNb steel than it did in i2Cr-IMoVW steels, 
particularly at 400OC. At 300 to SOOOC, the 9 Cr steels also experienced mre dissolution 
of as-tempered precipitates and coarsening of the lath/subboundary structures than did the 
12 Cr steeZs. In the 12 Cr steels, voids formed mostly in the coarsest subgrain regions of 
the mterial. Irradiation of SCr-IMoVNb - 2Ni at 40OOC caused compositional modification of 
fine V-rich MC and produced new precipitation of compositionally modified MZ3C6 ( T J  together 
with a fine matrix M6C ( v J  phase which was Si, Cr, and Ni-rich. 
was found in i2Cr-lMoVW - 2Ni at 4OO0C, but similar fine particles were minty Si and Cr- 
rich in the undoped 12 Cr steel. Finally, HFIX irradiation produced large, globular chi I x )  
pkase particles in all Nidoped steels at 500°C; large voids formed exclusively within these 
X-phase particles. 

Identical q precipitation 
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7.2 The E f f e c t s  o f  25,000 h Aging a t  480 t o  700°C on P r e c i p i t a t i o n  and M i c r o s t r u c t u r a l  S t a b i l i t y  
i n  Several  Heats o f  Tempered 9Cr-1MoVNb Stee l  (Oak Ridge Na t iona l  Labora to ry )  . . . . . . .  102 

Two heats of tempered 9Cr-IMoVNb, with silicon variation as their main difference, mere 
aged for up to 25,000 h at 462 to 704OC. 
remained stable after 25,000 at 5 9 3 V  and below, but then recovered and coarsened at 6 5 U T  
and above. The as-tempered precipitate structure of $M23Ccs and .MC particles remains stable 
upon aging at 650OC and below, but then coarsened somewhat after 25,000 h at 704OC. 
siderable amouet of Laves phase forms at 482 to 593oC after 25,000 h, with much more 
occurring in the higher silicon heat of steel. Neither heat had Laves after 10,000 h at 
65f1°C, and Laves forms mty in the higher silicon heat of steel after 25,000 h. An intra- 
cell precipitate of very fine VC needles was found in both heats of steel after aging at 462 
to 593OC. ?he overall precipitate composition reflects the dominance of the chromium-rich 
lY23C6 phase, but the molybdenm content also increased as the fraction of Laves phase 
increased. 
time, or particle size, except for minor sensitivities of VC to size at 53BoC, and of 
M23C6 and VC to temperature at 704OC. 

The as-tempered grain and subboundary structure 

A con- 

Compositionally, the various phases were not very sensitive to temperature, 

7.3 The Development o f  F e r r i t i c  S t e e l s  f o r  Fast Induced- Rad ioac t i v i t y  Decay 
(Oak Ridge Na t iona l  Labora to ry )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117 

Normalizing and tempering studies were continued on eight heats of normalized chromium- 
tuygsten steel that contained variations in the composition of chromium, tungsten, uanadium, 
and tantalum. Hardness measurements, tensile tests, and optical metallographic observations 
were used to determine alloying effects on tempering resistance. 
to results f o r  analogous chromium-molybdenum steels. 

The results were compared 

7.4 M i c r o s t r u c t u r a l  Examinat ion o f  Low- Ac t i va t ion  F e r r i t i c  A l l o y s  I r r a d i a t e d  t o  45 dpa 
(Westinghouse Hanford Company) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  124 

Aging i n  Sodium (Westinghouse Hanford Company) . . . . . . . . . . . . . . . . . . . . . . .  1 2 5  
7.5 Change of Charpy Impact F r a c t u r e  Behavior  o f  Precracked F e r r i t i c  Specimens Due t o  Thermal 

A series of tests were conducted to evaluate the effect of sodium on t h e  impact frac- 
ture behavior of precracked Charpy specimens made of HT-9 weldment. 
precracked prior to sodium aging and the other set m s  precracked after aging in sodium. 
Both sets of specimens exhibited the same DBTT. 
sure, however, showed a 40% reduction in the upper shelf energy (USE) as compared to the set 
precracked after aging. The results 8ugpSt that the fracture toughness of the material m y  
be reduced if an existing crack was soaked in sodium at elevated temperature for a period of 
time. 

One set of samples m s  

Samples precracked prior to sodium expo- 

7.6 The Thermal H i s t o r y  o f  Hea t- A f fec ted  Zones i n  HT-9 Weldments (GA Technolog ies)  . . . . . . .  128 

7.7 C o r r e l a t i o n  of Hot-Microhardness w i t h  Elevated-Temperature T e n s i l e  P r o p e r t i e s  o f  Low 
A c t i v a t i o n  F e r r i t i c  Stee l  (GA Technolog ies Inc . )  . . . . . . . . . . . . . . . . . . . . . .  129 

Hot microhardness and elevated temperature tensile tests have been performed on 
9Cr-2.5W-0.3V-0.25C ( C A 3 X J  low activation ferritic steel at temperatures from 20OC to 650OC. 
The uniform elongation of the tensile test correlated well with the ductility parameter, 
P=(h, + h2)/2r, where hl and h2 are the peak heights of the plastically flowed metal adja- 
cent to the indentation and 2r is the distance between the peaks. The hot-microhardness 
test showed a sensitive response to the softening avid changes in ductility of the CA3X 
steel. The preliminary results indicate that the hot-microhardness test accompanied with 
ductility parameter measurements also can be used as a means to monitor the strain-hardening 
characteristics of metals. ?he ultimate tensile strength and 0.2% yield strength of this 
low activation ferritic steel correlated well with hot microhardness measurements at tem- 
peratures up to 400OC using Cahoon's ezpressions outs = lH/2.9iln/0.217)" and oYs = , 

(H/3)(0.1)n, respectively, wkere H is the diamond pyramid hardness and n is the stram har- 
dening ezponent. 
decrease in microhardness m6 observed and the tensile strengths were underestimated by 
these two expressions by up to 2&30%. Fractographic ezamination of the tensile tested 
specimens showed an apparent change of dimple morphology from an eguiaxed (tensile) dimple 
to an appearance of mixed equiazed (tensile)- elongated (shear) dimple at temperatures above 
400OC. ?he main reason for the underestimation of tensile strengths at such high tempera- 
tures 1,0.4 TmI is probably attributed to the involvement of creep deformation and ma3 be 
improved bg selecting il proper loading condition. 

At temperatures above 400°C, a m r e  rapid and somewhat disproportionate 
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7.8 M i c r o s t r u c t u r e  and Mechanical P r o p e r t i e s  of U n i r r a d i a t e d  Low A c t i v a t i o n  F e r r i t i c  Steel  
(GA Technologies) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  137 

Transmission electron microscopic emmination of quenched and tempered SCr-2.5W- 
0.3V-0.15C low activation ferritic steel revealed tempered lath-type martensite with pre- 
cipitation of rod and plate-like M23C6 and MC carbides at lath and grain boundaries. 
Extraction replicas of precipitates were found to be predominantly MZ3C6 carbides analyzed 
by diffraction. 
appreciably increased after therm1 aging at 600°C for 100 hrs. 
found along prior austenite grain boundaries and martensite lath boundaries in the thermally 
aged specimens. 

The elevated-temperature tensile strengths of this rmterial were measured and ape about 
10% higher than the average tensile data of comercial heats of SCr-1Mo and modified Kr-1Mo 
steels up to a temperature of 65OoC, with equivalent uniform elongation and -50% decrease in 
total elongation. 
l O - Z O %  lower than comercial heats of modified SCr-1Mo steel, but is comparable to some 
experimental heats of SCr-LYoVNb steel. 
upper shelf energy of 1/3 size CVN precracked specimen at 2.2 Joules 137.2 J/c& normalized 
fracture energy). Fractographic examination of tensile tested specimens shows a mixed mode 
of equiaxed dimple and elongated dimple at test temperatures above SOOOC. The modification 
of the GASX alloy composition for optimization of rmterials properties is discussed. 
However, the proposed low activation ferritic steel show the promise of improved mechanical 
properties over SCr-1Mo steels. 

The areal density and mean particle size of carbide precipitates were 
More rod-like MZ3C6 were 

The fracture toughness (KIc) of this alloy is predicted to be about 

The impact test results show a DBTT at 1 5 O C  and 

8. COPPER AND I T S  ALLOYS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  149 

8.1 M i c r o s t r u c t u r e  of Commercial Copper A l l o y s  I r r a d i a t e d  i n  FFTF-MOTA a t  450°C 
(Hanford Eng ineer ing  Development Labo ra to ry )  . . . . . . . . . . . . . . . . . . . . . . . .  150 

Electron microscopy of pure copper irradiated at -450°C to 16 dpa revealed no unexpected 
behavior, showing both dislocation and void development. In  the same experiment, however, 
the dispersion-hardened alloy A125 exhibited a remarkable insensitivity to irradiation. 
precipitation-hardened alloy MZC also had no voids present but the precipitate microstructure 
was changed such that an apparent swelling of 1.0% occurred. 
treatment employed the alloy CuBeNi showed various levels of voidage, particularly in those 
areas which suffered recrystallization and alteration of the precipitate structure. 

The 

Dependent on the heat- 

9. MATERIALS COMPATIBILITY AND HYDROGEN PERMEATION STUDIES . . . . . . . . . . . . . . . . . . . . .  158 
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